Background: Signal transducer and activator of transcription proteins (STATs) play important roles in gene regulation, cell proliferation, and cell differentiation. We aimed to establish the relationship between phosphorylated STAT3 (p-Ser-STAT3) expression and the prognosis of upper tract urothelial carcinoma (UTUC). Methods: This study retrospectively reviewed 100 patients with pathologically confirmed UTUC at Kaohsiung Medical University Hospital. We quantified the expression of p-Ser-STAT3 in cancer cells by immunohistochemistry, and determined the clinicopathological significance of p-Ser-STAT3 expression and prognostic outcomes in patients with UTUC. Results: High p-Ser-STAT3 expression was detected in 52% of UTUC patients. High p-Ser-STAT3 expression was associated with poor recurrence-free survival (p = 0.018) and overall survival (p = 0.026). In advanced cancer samples (stage T3/T4), p-Ser-STAT3 expression is the only independent prognostic factor for recurrence-free survival (hazard ratio = 5.91, p = 0.01) and cancer-specific survival (hazard ratio = 8.83, p = 0.039).
Introduction
In Western countries, renal pelvic urothelial carcinoma accounts for only 5% of all renal tumors, and upper tract urothelial carcinoma (UTUC) accounts for 5%-10% of all urinary tract cancers [1] . However, there is an unusually high incidence of UTUC in Taiwan [2] , suggesting that there may be specific genetic or environmental factors for UTUC carcinogenesis in the Taiwanese population. There are many studies about the mechanism of bladder cancer carcinogenesis, but few studies regarding UTUC have been conducted. Green et al. called bladder cancer and UTUC "the disparate twins", owing to the many
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International Publisher different characteristics between the two, including gender distribution, prognosis, tumor location, inherent staging, and intra-cavitary therapy [3] . We have previously proposed several molecules such as cyclooxygenease-2 (COX2) [4] , osteopontin (OPN) [5] , hypoxia-induced factor 1α (HIF-1α) [6] , glutathione S-transferase (GST) [7] , and nuclear factor-κB (NFκB) [8] as prognostic biomarkers associated with UTUC. However, accurate prognosis prediction of UTUC is still difficult.
Signal transducer and activator of transcription 3 (STAT3) is an important signaling molecule for many cytokines and growth factor receptors, and is required for murine fetal development. The C-terminal transactivation domain of STAT3 plays an important role in its activation through a tyrosine residue at position 705 and a serine residue at position 727 [9] . Published studies have shown that STAT3 is constitutively activated in many human tumors and induces oncogenesis and anti-apoptosis [10] . In normal cells, ligand-dependent activation of STATs is a transient process, lasting from a few minutes to several hours. However, in tumor cells, STAT proteins remain persistently phosphorylated and consequently remain activated. Phosphorylated STAT3 (pSTAT3) dimerizes and moves to the nucleus, regulating the transcription of target genes. STAT3 target genes include survivin, vascular endothelial growth factor (VEGF), matrix metalloproteinases (MMPs), and E-cadherin; these genes regulate cell proliferation, survival, angiogenesis, metastasis, immune evasion, inflammation, and drug resistance in a tumor microenvironment [11, 12] .
Recent studies have shown that overexpression of pSTAT3 significantly correlates with a variety of human cancers, including breast cancer [13] , liver [14] , and head and neck cancer [15] . To our knowledge, there is only one study about STAT3 expression in urothelial carcinoma, including bladder cancer and UTUC [16] . Since bladder cancer and UTUC share the same histology but different clinical characterisics. The purpose of this study was to evaluate the association between pSTAT3 expression and the clinicopathological characteristics of UTUC.
Patients and Methods

Surgical specimens and clinicopathological data
One hundred formalin-fixed UTUC samples were obtained from the Department of Urology, Kaohsiung Medical University Hospital from 1997-2006. All samples were histologically confirmed as transitional cell carcinoma. All the patients received nephroureterectomy and excision of bladder cuff. The data were retracted from medical records retrospectively. Follow-Up protocol was decided according to NCCN guideline. Patients received cystoscopy by 3-month interval within 2 years after surgery and then increasing intervals thereafter. Median follow-up time was 40.39 months and the range between 1 to 136 months. Bladder recurrence was defined as UC proved pathologically. Recurrence-free survival was defined as the time from the date of surgery to the date of bladder recurrence. Cancer-specific survival was calculated from the date of surgery to the date of cancer death. The pathologic grade was classified according to World Health Organization (WHO) histologic criteria, and tumor staging was determined according to the International Union Against Cancer tumor-node-metastasis classification. The clinicopathological parameters were obtained by retrospectively reviewing medical records. The informed consent was provided to the patient and signed before surgery. The tumor specimens were collected from surgical specimen. The study protocol was reviewed and approved by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUH-IRB-20120120).
Immunohistochemical Staining of phosphorylated STAT3 (p-Ser-STAT3)
Four-micrometer-thick sections from paraffin-embedded blocks were cut onto precoated slides, followed by deparaffinization, rehydration, and antigen retrieval. Endogenous peroxidase was blocked in accordance with the manufacturer's protocol. The slides were incubated with anti-phospho-STAT3 monoclonal antibody (Ser727, sc-135649, Santa Cruz Biotechnology) at a 1:400 dilution at 4°C for overnight. Primary antibodies were detected using the DAKO ChemMateEnVision Kit (K5001; Dako, Carpinteria, CA). Finally, the slides were counterstained with hematoxylin and examined by light microscopy. Notably, only the staining in tumor cells (approximately 1000 cells in 3-4 high-power fields) was calculated.
Evaluation of immunohistochemistry staining
Breast carcinoma samples served as positive controls owing to their constitutive p-Ser-STAT3 activation, according to the producer's suggestions. Sections incubated with no primary antibody were used as negative controls. For each slide, the nuclear immunoreaction in tumor cells was scored separately by two pathologists. The evaluation of p-Ser-STAT3 staining was based on the percentage of positively stained cells in two categories: low expression, ≤30% positive cells; high expression >30% positive cells. 
Statistical Analysis
Chi-square analysis or Fisher's exact test were used to evaluate p-Ser-STAT3 expression in patients with different age (dichotomized by medium), gender, tumor stage and grade (low or high), creatinine level, and hemodialysis. Hazard ratios (HRs) and 95% confidence intervals (CIs) computed from univariate and multivariate Cox regression models were used to investigate the relationship between clinicopathological characteristics and survival. Survival analysis was estimated according to the Kaplan-Meier method from the date of primary tumor surgery to the time of recurrence of cancer or death from cancer, and the significance of differences between curves was evaluated by the log-rank test. Results were considered statistically significant if the p-value was less than 0.05. The data were analyzed using the SPSS package (version 20.0, SPSS, Inc., Chicago, IL, USA); all p-values were two-sided.
Results
UTUC specimens were obtained from 100 patients with a male-to-female ratio of 1.04 : 1.00. Of these, 62 patients had organ-confined T stage (T1/T2) cancer and 38 had locally advanced T stage (T3/T4) cancer. The cancer grade was low in 33 patients and high in 67 patients. Two-thirds of the patients were over 60 years old. Less than half of the patients had abnormal creatinine levels, and only a small proportion (16%) needed hemodialysis for end stage renal disease. Activated STAT3 was identified by detection of the phosphorylated form of the protein, p-Ser-STAT3. Figure  1 shows the immunohistochemistry staining of p-Ser-STAT3 in UTUC samples. The patients were stratified into two groups based on low or high p-Ser-STAT3 expression. The clinical parameters and pathological characteristics of the UTUC patients are summarized in Table 1 .
Univariate analysis for recurrence-free survival demonstrated that men had higher risk for tumor recurrence (Hazard Ratio [HR] = 2.13, 95% confidence interval [CI] = 1.06-4.31). Both high grade and late stage were associated with increased risk of tumor recurrence (HR = 5.09 and 2.63, respectively). In addition, high p-Ser-STAT3 expression was associated with decreased recurrence-free survival (HR = 2.4, 95% CI = 1.13-5.08). However, following multivariate analysis, only sex and tumor grade were associated with a significantly higher risk of tumor recurrence (Table 2 ). When patients were stratified based on cancer stage, late stage patients (T3/T4) with high p-Ser-STAT3 protein expression had decreased recurrence-free survival in both univariate (HR = 4.31, p = 0.023) and multivariate (HR = 5.91, p = 0.01) analyses compared to patients with low p-Ser-STAT3 expression (Table 3) . Univariate analysis also identified cancer stage and p-Ser-STAT3 expression as being associated with cancer-specific survival (Table 4) . Late stage and high p-Ser-STAT3 expression were associated with a significant decrease in the cancer-specific survival (HR = 6.28 and HR = 3.32, respectively). Following multivariate analysis, only cancer stage remained a significant risk factor for cancer-specific survival (HR = 6.03, p = 0.003). In patients with late stage (T3/T4) UTUC, regardless of cancer grade, high p-Ser-STAT3 expression was the only risk factor associated with cancer-specific survival in both univariate (HR = 8.13, p = 0.045) and multivariate analyses (HR = 8.83, p = 0.039) ( Table 5) .
Kaplan-Meier survival curves demonstrate that low p-Ser-STAT3 expression was associated with a significantly higher recurrence-free survival (p = 0.018) (Figure 2(A) ) and cancer-specific survival (p = 0.026) (Figure 2(B) ). For patients with late stage (T3/T4) disease, high p-Ser-STAT3 expression was associated with a significantly lower recurrence-free survival (p = 0.013) (Figure 3(B) ) and cancer-specific survival (p = 0.0016) (Figure 4(B) ). However, this association was not observed in patients with early stage (T1/T2) disease (Figures 3(A) and 4(B) ).
Discussion
As described above, we reported several proteins served as prognostic factors in UTUC patients, including COX2, OPN, HIF-1α, GST, and NFκB. Overexpression of COX2, OPN, HIF-1α and NFκB were associated with poor cancer-specific survival, whereas overexpression of COX2 and HIF-1α could predict shorter recurrence free survival.
In gastric cancer, patients with high levels of STAT3 often experience worse outcomes, with a meta-risk for overall survival (risk ratio, RR = 1.845) [17] . In non-small-cell lung cancer, high STAT3 or phospho-STAT3 expression is also a strong predictor for poor prognosis [18] . High nuclear expression of STAT3 was found to be correlated with poor overall survival (P = 0.005) in diffuse large B-cell lymphoma [19] . Our data indicated that p-Ser-STAT3 expression was also associated with recurrence and survival rates in UTUC patients. Patients with high p-Ser-STAT3 expression had a higher risk for cancer recurrence and a lower cancer-specific survival. When patients were stratified into early and advanced stage groups, there were no significant differences in recurrence-free and cancer-specific survival between low and high p-Ser-STAT3 expression in early stage patients. However, in advanced stage patients, high p-Ser-STAT3 expression was associated with a significantly poorer prognosis, higher cancer recurrence rate, and lower cancerspecific survival. This study provides the first evidence suggesting a correlation between p-Ser-STAT3 expression and UTUC.
STAT3 is a transcription factor with important roles in cancer formation and progression. STAT3 is involved in several cellular mechanisms, such as proliferation, inhibition of apoptosis, immune escape, epithelial-mesenchymal transition, invasion, and angiogenesis [20] . In addition, STAT3 is involved in cellular invasion through regulation of matrix metalloproteinases (MMPs) [21] and as first reported by Sano and coworkers. Subsequently, in response to surrounding tumor cell secretions, stromal cells upregulate SDF-1/CXCL12 receptors, resulting in infiltration of endothelial progenitor cells and enhancing the metastatic spread of tumor cells [22] . Under hypoxic conditions, both STAT3 and HIF1-α bind simultaneously to the VEGF promoter, leading to maximum transcriptional activation and angiogenesis. Increased VEGF expression, due to high activation of STAT3, induces faster cancer cell proliferation, and promotes distant metastasis [23] . STAT3, a latent self-signaling transcription factor, has been implicated as the hallmark of tumor invasion and metastasis in a wide variety of human malignancies. Activation of STAT3 is achieved by phosphorylation of two sites, tyrosine 705 and serine 727 [24] . Tyrosine 705 phosphorylation is mediated by Jak1, Jak2 and Tyk2, leading to STAT3 homodimerization, nuclear translocation and downstream transcriptional activities. Serine 727 phosphorylation is mediated by ERK1, ERK2, p38, JNK and MAP, which is required for the full activation of STAT3 [25] . Consistent with these studies, we have shown that high p-Ser-STAT3 expression in UTUC tissues significantly correlated with advanced cancer stage and predicting poor prognosis in advanced cancer stage patients. The present investigation revealed that p-Ser-STAT3 overexpression maybe be a useful biomarker to predict disease invasion and metastasis.
On the other hand, inhibiting STAT3 signaling in endothelial cells prohibits cell migration and vessel formation [26] . As metastatic tumor cells enter the blood vessels, they are affected by various nonspecific forces such as mechanical stress, hemodynamic turbulence, loss of adhesion-induced cell death, and cell-mediated cytotoxicity. As a result, very few tumor cells survive and metastasize. STAT3 activation also plays a major role in protecting tumor cells from immune surveillance during their transit through the circulatory system [27] of T1 helper cells. In addition, inflammatory cytokines released from tumors, such as IL6 and IL10, are responsible for the partial differentiation of dendritic cells, thereby reducing their antigen presenting ability [29] . By activating the IL-6/STAT3 pathway, the tumor microenvironment promotes tumorigenesis and invasion. Finally, the activity of NK cells also is reduced, thereby protecting circulating tumor cells [30] . The above activities promote the proliferation of cancer cells with a more malignant behavior and contribute to life-threatening disease. Constitutive activation of STAT3 plays a critical role in the initiation, progression, and metastases of cancers. Therefore, inhibition of STAT3 could be a strategy for cancer treatment. Numerous approaches, such as anti-sense oligonucleotide targeting of STAT3, synthetic drugs, small molecules derived from natural sources, and gene therapy techniques are available to achieve this goal [31] . In theory, targeting a single molecular mechanism may be sufficient to be therapeutically effective. However, in practice single-target drugs have had little therapeutic impact and are generally highly ineffective in treating cancer [32] . An approach targeting multiple genes or pathways is likely to be particularly beneficial in cancers because oncogenesis is known to be a multigenic process. Future research focused on the analysis of outcomes and patient prognosis following different targeted therapies in UTUC is needed. In this study, while stage, grade, and sex were useful predictors of prognosis, high p-Ser-STAT3 expression was a particularly useful marker to predict cancer recurrence and survival. Moreover, high p-Ser-STAT3 expression was the most useful tool for predicting outcome in advanced UTUC. However, there are some limitations to this study. First, this is a retrospective analysis and it neglected the smoking behavior of patients in the subgroup analysis. It has been reported that nicotine can activate STAT3 in bladder cells, thereby affecting cyclin D1 expression and promoting cell proliferation [33] . This confounding factor needs to be addressed in future research. Second, although there was a significant correlation between p-Ser-STAT3 expression and poor outcome, the sample size in this study is small. A multi-institutional study with a larger sample size is needed to validate our conclusions. Finally, easily accessible samples such as blood, urine, or even those obtained through minimally invasive ureterorenoscopy tumor biopsies could be analyzed in the future to determine whether similar results are observed regarding the correlation between expression of p-Ser-STAT3 and UTUC patient outcomes. In summary, p-Ser-STAT3 is observed in UTUC and is positively correlated with advanced cancer stage. Moreover, over-expression of p-Ser-STAT3 is predictive of recurrence and survival and may be indicative of the need for an aggressive treatment plan. Furthermore, inhibition of p-Ser-STAT3 may provide a new therapeutic approach for treatment of advanced UTUC. 
